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Abstract Biotic interactions such as predation may
influence the success of invasive alien species (IAS).
Although the Asian clam Corbicula fluminea is recog-
nized as one of the most problematic aquatic IAS, few
studies have investigated its use as a food resource. In
this study, we aimed to investigate (i) the palatability of
C. fluminea under natural (MinhoRiver) and laboratory
conditions and (ii) if C. fluminea submitted to different
conditions (individuals from Lima and Minho Rivers)
vary in palatability. Soft tissues from different Corbic-
ula populations, plus soft tissues from a native clam,
tuna and Corbicula shell powder were offered to
consumers. Field assayswere performed seasonally and
laboratory assays only in summer; both assays also
tested possible differences during distinct periods of the
day. Overall, in natural conditions, the treatments
containing C. fluminea had a low palatability. In
laboratory assays, higher consumption (almost two
times) was observed for Cyprinus carpio and Anguilla
anguilla. Also, C. fluminea palatability was different
between populations, with the treatment Corbicula
Lima being more consumed than Corbicula Minho.
Despite the low values of consumption in the field,
laboratory results suggest that C. fluminea soft tissues
can be a food resource to some species.
Keywords IAS  Invasion  Biotic resistance 
Predation  Aquatic ecosystem
Introduction
Invasive alien species (IAS) have been dispersing
worldwide at unprecedented rates in the last decades
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(Simberloff et al., 2013), causing serious changes in
biodiversity, both in terrestrial and aquatic ecosystems
(Ehrenfeld, 2010; Vilà et al., 2010; Strayer, 2012).
These species can change native communities through
biological processes such as predation, introduction of
parasites, diseases, competition for available
resources, and altering abiotic conditions and ecosys-
tem functioning (Sousa et al., 2011a; Gutiérrez et al.,
2014).
Although the number of studies concerning biolog-
ical invasions increased in the last decades, most
studies focused on the impacts of IAS on native
species, rather than on native communities influencing
the possible establishment and impact of IAS
(Carlsson et al., 2011). Indeed, the success and spread
of an IAS in a recipient ecosystem can be related to the
interaction of several factors (Ford, 1996; Lonsdale,
1999). A relevant biotic factor influencing the success
of a given IAS is the lack of enemies (e.g., competi-
tors, parasites, diseases), including predators (Keane
& Crawley, 2002; Colautti et al., 2004). Predators can
control IAS populations due to their ability to switch
from their earlier preferred food in response to the new
prey availability (Carlsson et al., 2011). In fact, a
recent meta-analysis showed that biotic resistance
provided by local predators can limit invasions, and
suggested that predators can be especially effective in
constraining IAS in aquatic ecosystems (Alofs &
Jackson, 2014). For example, the blue crab [Calli-
nectes sapidus (Rathbun, 1896)] in the Hudson River
(USA) increased mortality of zebra mussels [Dreis-
sena polymorpha (Pallas, 1771)] and changed the
population structure of this IAS (Carlsson et al., 2011).
Also, Dorn & Hafsadi (2016) observed that the native
crayfish ([Procambarus fallax (Hagen, 1870)] con-
tributed to an eightfold increase predation on the eggs
of the invasive apple snail Pomacea maculata (Perry,
1810) in comparison to the native apple snail P. palu-
dosa (Say, 1829). Nevertheless, it is difficult to predict
the temporal scale determining this biotic resistance (it
can range from a lifetime of the individual to several
generations), besides it is also dependent on the
environmental conditions of the invaded system
(Carlsson et al., 2011).
The Asian clam Corbicula fluminea (Müller, 1774)
is recognized as one of the most problematic IAS in
aquatic ecosystems due to its widespread distribution
and high density reached in many invaded ecosystems
(Sousa et al., 2008d; Crespo et al., 2015). However, in
some ecosystems, this IAS has a restricted spatial
distribution and attained a very low density (Sousa
et al., 2006). Possible explanations for these discrep-
ancies in the invasive pattern may include different
propagule pressure, different abiotic conditions and
disturbance regimes, and distinct biotic resistance
between invaded ecosystems (Sousa et al., 2008d).
Therefore, the study of the possible factors responsible
for these different invasive patterns may be relevant
from an ecological and management point of view,
being the biotic resistance mediated by predators in the
recipient ecosystem a possible key factor that should be
evaluated (Alofs & Jackson, 2014). Bivalves are well
protected by their shells that in several cases can act as
an anti-predation physical defense. In the particular
case of C. fluminea, this clam presents harder shells
compared to other native bivalves (Ilarri et al., 2015a).
Despite their hard shells that may contribute to low
predation rates, nothing is known about their soft
tissues as a food resource to possible consumers.
Specifically, the present study aimed to investigate
(i) the palatability of C. fluminea under natural (Minho
River) and laboratory conditions and (ii) if C. fluminea
submitted to different conditions (individuals from
Lima and Minho Rivers) vary in palatability.
Materials and methods
Field study area
The field experiment was conducted near Praia da
Lenta (41570N, 8440W), a semi-enclosed area
located 14 km upstream the mouth of the Minho
River (NW of the Iberian Peninsula). This river has
310 km in total length and flows NNE-SSW into the
Atlantic Ocean, being its headwaters located in Serra
de Meira, province of Lugo, Spain. Its last 70 km
comprise the natural border between Portugal and
Spain and it has a maximum width of 2 km near the
mouth. TheMinho River basin has a total area of about
17,080 km2, being 95% located in Spain and 5% in
Portugal. The influence of spring tides is nearly 40 km
and the water in the Minho River estuary is partially
mixed, with the exception of when high floods occur in
which it tends to salt wedge conditions (Sousa et al.,
2005, 2008a).
Corbicula fluminea was first reported in Minho
estuary in 1989 (Araujo et al., 1993). Currently, the
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species contributes with more than 90% of the benthic
estuarine biomass (Sousa et al., 2008b). Although
there are many studies addressing the general ecology
and main impacts on ecosystem functioning generated
by this IAS in the Minho River (e.g., Sousa et al.,
2008a, 2011b; Ilarri et al., 2011, 2015a, b; Novais
et al., 2015a, b, 2016a, b), so far, any addressed the
possible importance of predation facilitating their
invasive success. The density of C. fluminea at Praia
da Lenta is high (Sousa et al., 2008c), and the biotic
and abiotic conditions of this semi-enclosed area are
well known (Sousa et al., 2013; Mota et al., 2014). In
summary, the study area comprises sandy and muddy
habitats heavily covered by submerged vegetation
(mainly by the IAS Egeria densa (Planch)). Abiotic
data collected in recent studies (e.g., Sousa et al.,
2013; Mota et al., 2014) showed high annual variabil-
ity in temperature (minimum and maximum all over
the year: 8.5–25C), conductivity (0.1–0.6 mS cm-1),
dissolved oxygen (7.5–11.8 mg l-1), redox potential
(65.5–189.3 mV) and pH (7.0–8.0), as expected for a
temperate aquatic ecosystem. In the last 8 years, fyke
nets have been deployed in the area to characterize the
fish and crustacean fauna (for details, see Sousa et al.,
2013; Mota et al., 2014).
Field assays
Palatability was tested using food pellets prepared in a
matrix of carrageenan. This matrix was made mixing
3.5 g of carrageenan with 60 ml of distilled water and
25 ml of a semi-liquid mass of the respective mashed
treatment (i.e., native clam, crude tuna, shell pow-
der ? crude tuna, C. fluminea soft tissues collected in
the Minho and Lima Rivers; see below for details
about treatments) following Pawlik & Fenical (1992).
The mixture was then heated to boiling in a microwave
with full power for approximately one minute. The
melted mixture was poured into a mold with cotton
strings crossing it. After the matrix was cooled, it was
cut in ten equally sized (5 9 1 9 1 cm) strips with a
scalpel, resulting in a cotton string attached to each
strip.
In the experiment, five treatments were used:
(1) prepared with the common cockle [Cerasto-
derma edule (Linnaeus, 1758)], a common
species in Portuguese estuaries, this treatment
was used as control of C. fluminea (hereafter,
Clam treatment);
(2) prepared with crude Tuna (hereafter, Tuna
treatment), this treatment was used as a feeding
stimulant in order to see if consumers responded
to the available food pellets;
(3) prepared with C. fluminea shells powder and
crude tuna, this treatment aimed to mimic the
role of C. fluminea shells hardness as a physical
anti-predation defense (hereafter, Shell pow-
der). The inclusion of this treatment allows us to
separate the effect of C. fluminea shells from
their soft tissues, and have a better idea
regarding what could be attractive and avoided
by the possible predators. In this treatment, we
defined the amount of shell powdered based on
the shell weight to soft body weight ratio of the
species. The Mixer Mill MM 200 Retsch was
used to crush the shells in powder;
(4) prepared with C. fluminea soft tissues collected
in the Minho River (hereafter, Corbicula
Minho);
(5) prepared with C. fluminea soft tissues collected
in the Lima River (hereafter, Corbicula
Lima).
In order to avoid bias, only adults of C. fluminea
([25 mm) were used. Treatments containing C.
fluminea soft tissues (i.e., Corbicula Minho and
Corbicula Lima) were used to test if the species
palatability varies when submitted to different envi-
ronmental conditions. Both systems are colonized by
C. fluminea; however, in the Lima River, the Asian
clam has a very low density, its distribution is
restricted to a very small area, and available data
suggest that predation (among other factors) may
contribute to the lower density present in this river
(Sousa et al., 2006). Conversely, previous studies
suggest that predation is very low in the Minho River
(Ilarri et al., 2014).
In each field assay, ten replicates of each treatment
(Clam, Tuna, Shell powder, Corbicula Minho and
Corbicula Lima) were used. A string of 10 m in length,
divided in ten segments (1 m each), was used to attach
the replicates. In each meter, the five different
treatments were tied equally spaced and organized
following always the same order (Clam, Tuna, Shell
powder, Corbicula Minho, and Corbicula Lima). The
string was placed above the bottom during two hours
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(adapted from Pawlik & Fenical, 1992; Epifanio et al.,
1999) and consumption was recorded as percentage of
food pellet eaten.
In order to assess if the consumption was influenced
by seasonal variations, the experiment was conducted
twice in all seasons during one year (n = 20 replicates
per season). In addition, to investigate possible daily
differences, assays were performed during the day and
night time. Furthermore, to avoid possible bias
introduced by tidal influences, assays were always
carried out during high-tide conditions.
Laboratory assays
Laboratory assays were performed to access in a more
controlled way the palatability of C. fluminea to
potential main consumers that inhabit the study area
(i.e., Praia da Lenta). For this, the native species
Anguilla anguilla (Linnaeus, 1758) and three IAS,
Cyprinus carpio (Linnaeus, 1758), Lepomis gibbosus
(Linnaeus, 1758), and Procambarus clarkii (Girard,
1852) were selected. All the four species were chosen
either because of reports in the literature confirming
their ability to consume C. fluminea in other invaded
systems (French, 1993; Molloy et al., 1997), and/or
due to the fact that they have feeding traits considered
efficient to prey on bivalve species (Tucker et al.,
1996; Molloy et al., 1997; Ilhéu et al., 2007;
Bouchereau et al., 2009). Furthermore, the four
species are among the most abundant in the studied
area and had been in contact with C. fluminea before
(Sousa et al., 2013, Mota et al., 2014).
After collection in June 2015, in Praia da Lenta
(Minho River), individuals were transported to the
University of Porto (CIIMAR) and kept in tanks under
constant aeration, at approximately 23C, which was
similar to the temperature reached in the studied area
during summer (Mota et al., 2014). The total length of
the individuals used ranged from 23 to 40 cm for A.
anguilla, 8 to 12 cm for C. carpio, 8 to 12 cm for L.
gibbosus, and 9 to 11 cm for P. clarkii. Prior to the
assays, the individuals were kept in the tanks for two
weeks (acclimation period) and fed with frozen
mussels every 3 days. After acclimation, we consid-
ered keeping the individuals under starvation for a
6-day period.
The experimental design for the assays included
one predator per tank (dimensions of
23.3 9 27 9 30 cm) filled with 15.0 l of fresh water
at the same temperature as in the containers. We used
opaque glasses on the tanks to avoid any disturbance
on fish and crayfish during the assays. Before each
assay, the individuals were acclimatized in the tank for
three days, subject to 12:12 h of a light–dark cycle.
Each individual was exposed simultaneously to the
five different treatments during two hours. The same
methodology, as described above (field assays), was
used to prepare the food pellets. Six individuals per
species (n = 6; one per tank) were used in the assays.
The experimental design was the same used in the field
assays; and the food pellets were also placed above the
bottom for two hours. Consumption was recorded as
percentage of food pellet eaten. Differences in
consumption between the periods of the day (i.e.,
day, with high intensity light, and night, with full dark
conditions) were also assessed.
Both field and laboratory assays were conducted in
agreement with the guidelines on the protection of
animals used for scientific purposes according to the
European Union directives (2010/63/UE).
Data analysis
To assess possible differences in consumption, Per-
mutational Multivariate Analysis of Variance (PER-
MANOVA) was used. This method analyzes the
variance of multivariate data explained by a set of
explanatory factors, on the basis of any chosen
measure of distance or dissimilarity, thereby allowing
for a wide range of empirical data distributions
(Anderson, 2001). Before conducting statistical tests,
all variables were always normalized and a resemble
matrix based on the Euclidean distances was calcu-
lated. For the field assays, the overall consumption of
food pellets was statistically tested with a three-way
PERMANOVA (type III), with treatments (five levels:
Clam, Tuna, Shell powder, Corbicula Minho, and
Corbicula Lima), season (four levels: Autumn, Win-
ter, Spring, and Summer), and day period (two levels:
Day and Night) as fixed factors. For the laboratory
assays, a two-way PERMANOVA (type III) was also
performed to test the overall consumption of food
pellets in each treatment by the selected species,
during the day and night time. For these PERMA-
NOVA tests, treatments (five levels: Clam, Tuna,
Shell powder, Corbicula Minho, and Corbicula Lima)
and day period (two levels: Day and Night) were used
as fixed factors.
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In all PERMANOVA tests, the statistical signifi-
cance of variance (a = 0.05) was tested using 9999
permutations of residuals within a reduced model.
Also, pairwise comparisons were performed in all the
results with statistically significant differences, within
PERMANOVA tests.
For all the statistical tests, we used PRIMER
analytical software (vers. 6.1.6, PRIMER-E Ltd,
Plymouth, U.K.) with PERMANOVA? 1.0.1 add-on
(Anderson et al., 2008).
Results
Field assays
The most consumed treatment was Tuna (aver-
age ? standard deviation; 2.42% ± 9.07) followed
by Corbicula Lima (1.74% ± 6.97), and the least
consumed was Shell powder (0.72% ± 3.59) (Fig. 1).
Consumption in the field varied significantly
through the treatments, season and day period
(Table 1). Regarding treatments, the pairwise tests
showed that most of the variation was associated to the
lower values observed for Clam and Shell powder,
compared to Tuna (Fig. 1). Also, regarding seasons,
differences were mainly associated to the lower values
during winter (0.23% ? 0.72), when compared to the
other seasons (autumn = 1.77% ± 6.43, spring =
1.61% ? 6.07, and summer = 1.96% ± 7.41)
(Fig. 2). Considering day period, the difference was
associated to the higher consumption during the night
(2.19% ± 7.37) compared to the day (0.73% ± 3.93)
(Fig. 2).
Laboratory assays
The most consumed treatment was Tuna (aver-
age ± standard deviation; 4.93% ± 14.28) followed
by Corbicula Lima (4.71% ± 8.62), and the least
consumed was Shell powder (1.40% ± 3.25) (Fig. 3).
P. clarkii (6.15% ± 13.80) was the species with the
highest consumption during the assays (Fig. 4a). P.
clarkii consumed mostly Tuna and less Clam. C.
carpio (3.78% ± 7.39) was the second species with
higher consumption; it mainly consumed Clam and
less Shell powder (Fig. 4b). A. anguilla
(2.02% ± 2.90) was the third species with higher
consumption; it most consumed Corbicula Lima and
less Shell powder (Fig. 4c). L. gibbosus
(1.72% ± 2.11) was the species that had the lowest
consumption during the assays, which consumed
preferentially Clam and less Shell powder (Fig. 4d).
The species overall consumption varied signifi-
cantly through the interaction of the treatments and
day period (Table 2). The consumption of C. carpio
and A. anguilla also varied through the interaction of
the treatments and day period (Table 2). However, L.
gibbosus varied significantly through the different
treatments and day period (Table 2). P. clarkii con-
sumption did not vary significantly through the


























Fig. 1 Overall consumption of the five different treatments (Clam, Tuna, Shell powder, Corbicula Minho, and Corbicula Lima) in the
field assays. Different letters indicate significant differences between them (three-way PERMANOVA pairwise tests; P\ 0.05)
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pairwise tests showed that regarding the treatments
most of the variation during the day was related to the
lower consumption observed for Shell powder com-
pared to other treatments, whereas during the night a
preference for Corbicula Lima was observed. Also,
regarding the day period, most of the differences were
associated to a higher consumption during the day of
the treatment Clam compared to the night, and a higher
consumption of Corbicula Lima and Corbicula Minho
during the night compared to the day.
Discussion
Results of the present study suggest that the treatments
containing C. fluminea (i.e., Corbicula Minho and
Corbicula Lima) had a low palatability. Low values of
consumption were observed mainly in the field assays,
with the highest values not exceeding 4% on average.
In laboratory, some preference was observed regard-
ing A. anguilla (9.6% ± 2.25) and C. carpio
(8.3% ± 17.99), for the treatment Corbicula Lima
during the night.
In the Minho River, there are some species
capable to adapt to a molluscivory diet such as A.
anguilla, C. carpio, L. gibbosus, and the crayfish P.
clarkii. These species have morphological pre-adap-
tations that include strong jaws (i.e., A. anguilla;
French, 1993; Molloy et al., 1997; Bouchereau et al.,
2009), molariform pharyngeal teeth (i.e., C. carpio;
Tucker et al., 1996), cardiform pharyngeal teeth (i.e.,
L. gibbosus; French, 1993; Molloy et al., 1997), and
strong handling power (i.e., P. clarkii; Ibrahim et al.,
1995; Ilhéu et al., 2007). Despite the presence of
potential predators in the Minho River, results of the
field assays suggest that C. fluminea is yet not
attractive as a food resource. However, the higher
values of consumption observed in the laboratory
assays for C. carpio and A. anguilla indicate that C.
fluminea soft tissues can be a food resource to these
species if they overcome the physical defenses
represented by the hard shells.
It is well described in the literature that some
ecosystems are capable to recover from severe inva-
sions. Native predators can learn to adapt to use IAS
and this process can occur over different time scales
(from few years to decades; Carlsson et al., 2009); this
is especially valid for successful IAS that become
highly abundant. In fact, there are some examples of
systems invaded by C. fluminea in which this process
has been observed across different time scales. For
example, in Ging Creek, USA, the Musk Turtles
Sternotherus odoratus (Latreille, 1801) started to eat
the Asian clam 40 years after the introduction; in this
system, the turtles shifted toward a molluscivory diet
andC. fluminea started to represent a large part of their
diet (72%) (Wilhem & Plummer, 2012). Also, in
Fairfield Reservoir, Texas, USA, fish predators con-
tributed to a 29-fold reduction of C. fluminea abun-
dance 20 years after its introduction and this situation
had prevented the species to reach a high density
(Robinson & Wellborn, 1988). On the other hand,
Oliva et al. (1981) reported predation ofC. fluminea by
the Spotted Pim Pimelodus maculatus (Lacépède,
Table 1 Three-way PERMANOVA results, comparing the consumption of the treatments (Clam, Tuna, Shell powder, Corbicula
Minho, Corbicula Lima) in the field assays among season (autumn, winter, spring, and summer) and day period (day and night)
Source df SS MS Pseudo-F P
Treatment 4 10.11 2.53 2.61 \0.05
Season 3 11.14 3.71 3.84 \0.05
Day period 1 13.31 13.31 13.77 \0.01
Treatment 9 season 12 10.52 0.88 0.91 ns
Treatment 9 day period 4 5.36 1.34 1.39 ns
Season 9 day period 3 6.10 2.03 2.10 ns
Treatment 9 season 9 day period 12 10.51 0.87613 0.91 ns
ns non-significant P value
cFig. 2 Seasonal consumption of the five different treatments
(Clam, Tuna, Shell powder, Corbicula Minho, and Corbicula
Lima) in the field assays performed in the Minho River, during
the day (gray color) and night (black color) periods. The overall
food pellets’ average consumption is represented by the dotted
horizontal line
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1803) few years after its introduction in Rı́o del Plata
(Argentina). Therefore, the lack of coevolving preda-
tors in an invaded system is a relevant feature for a
hyper-successful IAS (Colautti et al., 2004). The
results obtained in the present study (i.e., laboratory
assays) suggest that it is always possible that in the
future, some predators of the Minho River (especially
the ones that have consumed C. fluminea soft tissues)
could co-evolve and potentially include this species in
their diet.
Despite the high number of studies devoted to the
ecology of C. fluminea (Sousa et al., 2008a; Ilarri &
Sousa, 2012), this is one of the few that have
investigated the use of this IAS as a food resource. In
a recent study, Pereira and colleagues (2016) evaluated
if selected predators (Luciobarbus bocagei (Stein-
dachner, 1864), L. gibbosus, and P. clarkii) were able
to consume C. fluminea. Those authors performed only
laboratory assays, and exposed the predators to freshly
opened and alive C. fluminea individuals without
separating the shells from the soft tissues. Even with a
different experimental design, Pereira et al. (2016) had
similar results as those reported here, with the predators
ingesting very few clams. Bivalves have a noticeable
physical defense against predation that depending on
the predator species can be very costly (in handling
time) in comparison to the benefits (energy) provided.
This is especially valid for C. fluminea that have harder
shells when compared to other bivalve species (Ilarri
et al., 2015a). Pereira and colleagues (2016) attributed
the predator’s avoidance to the species hard shells,
whereas from our study we were also able to observe
that the palatability of the species had a low
attractiveness to predators (especially in the field).
This, among other possibilities, may be also the case for
the successful invasion and high density reached by C.
fluminea in theMinho River (Sousa et al., 2006, 2008c).
In the present study, a preference for the treatment
Corbicula Lima was also observed compared to
Corbicula Minho. Variation in species palatability is
expected to occur between populations (Bolser & Hay,
1996). For example, Bolser & Hay (1996) observed
between-population variation in palatability for the
brown algae Dictyota within the same geographic
region (North Carolina, USA). The palatability of a
species is normally determined by their tissue features,
such as structural characteristics (physical defenses),
elemental characteristics (chemical defenses), and/or
nutritional quality (Peck, 1993, 2001; Long et al.,
2013). According to earlier studies, C. fluminea
individuals from the Lima River are submitted to
higher anthropogenic disturbance and nutrient con-
centrations compared to the individuals of the Minho
River (Sousa et al., 2006). While in the Minho River,
C. fluminea present a much higher density when
compared to the Lima River, and probably is submit-
ted to higher intraspecific competition. These condi-
tions might limit the feeding activity of the species,
and consequently contribute to the lower growth rates
and undernourished conditions of the individuals
present in Minho River (Sousa et al., 2006). Future
detailed studies should be performed in order to better
evaluate the nutritional conditions (or physical and
chemical defenses) of the species in both rivers.
Furthermore, a similar preference for the treatments
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Anguilla anguilla (c), and
Lepomis gibbosus (d) of the
five different treatments
(Clam, Tuna, Shell powder,
Corbicula Minho, and
Corbicula Lima), during the
day (gray color) and night
(black color) periods. The
overall food pellets’ average
consumption is represented
by the dotted horizontal line
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comparison of the field and laboratory assays. This
result suggests that the experimental approach adopted
was consistent and effective. Also, low consumption
rates were noticed in the field assays during winter,
possibly associated to the low water temperature that
decreases the consumers metabolic rates (Huusko
et al., 2007); this argument is particularly suitable since
poikilothermic fish and crustacean species comprise
most of the consumers in the study area. Differences in
consumption concerning the period of the day were
also noted. In the field, the highest consumption was
observed during the night, while in the laboratory was
during the day; further, the overall average consump-
tion in the laboratory was higher than in the field. It
seems that the species in the laboratory behave
differently of what was expected and this could have
contributed to some of the differences observed.
Indeed, in the laboratory, the species were restricted
to a limited area in which one individual per tank (with
no competition or any other biotic interaction) was
used and this situation may have changed the organism
behavior and consequently lead to different results.
Additionally, the laboratory results for the species C.
carpio and A. anguilla, concerning the treatment
Corbicula Lima, were relevant in the context of C.
fluminea palatability.
Conclusion
The Asian clam is recognized as one of the most
problematic IAS in aquatic ecosystems (Sousa et al.,
2008d; Ilarri & Sousa, 2012) and despite their
ecological relevance few studies have investigated
the use of the species as a food resource. This was the
first attempt to evaluate C. fluminea soft tissues
palatability and the results of the present study suggest
that the treatments containing C. fluminea (i.e.,
Corbicula Minho and Corbicula Lima) had a low
preference by the consumers (mainly in the field
assays). However, it is important to mention that in
laboratory some preference was observed regarding
the species C. carpio and A. anguilla for the treatment
Corbicula Lima, suggesting that C. fluminea soft
tissues can be a food resource for some of these species
if they overcome the physical defenses represented by
their hard shells. Also, the palatability of the species
can be different between populations.
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of the treatments (Clam,
Tuna, Shell powder,
Corbicula Minho, Corbicula
Lima) in the laboratory
assays among day period
(day and night)
ns non-significant P value
Source df SS MS Pseudo-F P
Treatment 4 41.97 10.49 3.86 \0.001
Day period 1 17.48 17.48 6.43 \0.001
Treatment 9 day period 4 40.61 10.15 3.73 \0.001
Procambarus clarkii
Treatment 4 3.96 0.99 0.97 ns
Day period 1 1.20 1.20 1.17 ns
Treatment 9 day period 4 2.80 0.70 0.69 ns
Cyprinus carpio
Treatment 4 7.84 1.96 2.61 \0.05
Day period 1 1.54 1.54 2.04 ns
Treatment 9 day period 4 11.99 2.99 3.99 \0.01
Anguilla anguilla
Treatment 4 22.12 5.53 26.71 \0.001
Day period 1 6.45 6.45 31.18 \0.001
Treatment 9 day period 4 20.08 5.02 24.25 \0.001
Lepomis gibbosus
Treatment 4 8.05 2.01 2.72 \0.05
Day period 1 8.29 8.29 11.21 \0.01
Treatment 9 day period 4 5.72 1.43 1.94 ns
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Ilhéu, M., J. M. Bernardo & S. Fernandes, 2007. Predation of
invasive crayfish on aquatic vertebrates: the effect of
Procambarus clarkii on fish assemblages in Mediterranean
temporary streams. Biological Invaders in Inland 29:
543–558.
Keane, R. M. &M. J. Crawley, 2002. Exotic plant invasions and
the enemy release hypothesis. Trends in Ecology and
Evolution 17: 164–170.
Long, J. D., L. Porturas, E. Jones, C. Kwan & G. C. Trussell,
2013. Seaweed traits linked to wave exposure determine
predator avoidance. Marine Ecology Progress Series 62:
175–183.
Lonsdale, W. M., 1999. Global patterns of plant invasions and
the concept of invisibility. Ecology 80: 1522–1536.
Molloy, D., A. Karatayev, L. E. Burlakova, D. P. Kurandina &
F. Laruelle, 1997. Natural enemies of zebra mussels:
predators, parasites, and ecological competitors. Reviews
in Fisheries Science 5: 27–97.
Mota, M., R. Sousa, A. Bio, J. Araújo, C. Braga & C. Antunes,
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